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Kaposi’s Sarcoma (KS) is an angioproliferative
disease that is characterized by proliferation of
spindle-shaped cells predominantly of vascular
endotbelial cell origin, neoangiogenesis, inflam-
matory cell infiltration, and edema. Although the
lesions of classical KS and AIDS-associated KS
(AIDS-KS) share common bistological features,
AIDS-KS occurs at a markedly bigher frequency
with a more aggressive clinical course. Immuno-
bistochemical analyses of 26 evolutionarily
staged AIDS-KS lesions derived from HIV-in-
JSected patients demonstrate significant cytoplas-
mic levels of Bcl2, a protooncogene known to
prolong cellular viability and to antagonize apo-
Dtosis. Bck2 expression increases as the patho-
logical stage of KS advances. Imnmunobistochem-
ical analyses of classical KS lesions demonstrate
prevalent expression of Bcl2 as well, indicating
that upregulation of Bclk2 may be important in
the pathogenesis of botb classical and AIDS-as-
sociated KS. Coexpression of Bck2 and factor
VIII-related antigen in spindle-shaped cells
Dpresent within KS lesions suggests that Bck2 is
upregulated within the vascular endotbelial

spindle-sbaped cells of KS. The consequences of
upregulated Bcl2 expression within KS lesions
may be prolonged spindle cell viability which,
when coupled with dysregulated cellular prolif-
eration due in part to synergistic activities of
inflammatory and angiogenic cytokines and
HIV-1 Tat protein, may result in the maintenance,
growth, and progression of KS. (Am J Pathol
1996, 148:1055-1063)

Kaposi's Sarcoma (KS) is an angioproliferative dis-
ease that is one of the most common neoplasias
associated with AIDS (AIDS-KS)."2 In its classical
form KS is rare, indolent, and found mainly in elderly
men of Mediterranean origin; in contrast, AIDS-KS is
frequent and aggressive, and occurs mostly in
homosexual and bisexual men. Although genetic
factors, sexually transmitted infectious agents, and
immunosuppression may contribute to the patho-
genesis of KS in general, cooperative effects of im-
munostimulation/dysregulation and HIV-1 infection
appear to be of paramount importance in the devel-
opment, maintenance and progression of AIDS-KS
as compared with the classical form.*® HIV-1 infec-
tion and/or other antigenic stimulation result in in-
creased levels of inflammatory cytokines including
tumor necrosis factor (TNF), interleukin (IL)-1, inter-
feron-y(IFN-v), and IL-6 in serum and cultured leu-
kocytes from HIV-1-infected individuals.*=® These
same cytokines are increased in KS tissues,®~'° and
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they stimulate the proliferation of spindle cells de-
rived from KS lesions of AIDS patients and induce KS
cell phenotypic and functional changes in normal
vascular cells, the potential progenitors of KS spin-
dle cells.®®-"° These cytokines also activate HIV-1
gene expression and replication, resulting in the
concomitant production of the virally encoded regu-
latory protein Tat. After its release from infected cells,
Tat promotes the proliferation of KS cells in a para-
crine fashion and stimulates its own expression
within HIV-1-infected cells via transactivation of
HIV-1 long terminal repeat-directed gene expres-
sion.56-81011 Extracellular Tat can synergize with
inflammatory cytokines and angiogenic factors such
as basic fibroblast growth factor to promote
angiogenesis and to act as a growth factor for KS
spindle cells and cytokine-activated endothelial
cells,>68:19-16 gxplaining, at least in part, the higher
frequency and aggressiveness of AIDS-KS as com-
pared with classical KS.

The proliferation of these spindle-shaped or “tu-
mor” cells of KS is a hallmark of both AIDS-associ-
ated and classical KS progression; however, the
factors affecting their sustained cellular viability and
proliferation are only partially known. Tumor cells can
evade normal mechanisms controlling cellular
growth and survival by several mechanisms that in-
clude autocrine stimulation by tumor-derived cyto-
kines and overexpression of specific cellular or viral
oncogenes that may function as antagonists of apo-
ptosis. 22 The protooncogene Bcl-2, which antag-
onizes apoptosis, promotes the prolonged survival of
quiescent, noncycling cells and, unlike other onco-
genes, fails to stimulate cellular proliferation.24-2°
Bcl-2 overexpression renders cells less sensitive to
radiation and cytotoxic drugs and inhibits apoptosis
induced by dysregulated c-myc expression.26-27
Transgenic mice that overproduce Bcl-2 demon-
strate prolonged B cell viability associated with high
grade neoplasia.?® The extended cell survival due to
Bel-2 may lead to subsequent acquisition of genetic
changes resulting ultimately in tumor progression.2®
Bcl-2 appears to function, in part, by antagonizing
apoptosis.?®2° Bcl-2 increases cell survival, without
necessarily stimulating cellular proliferation®; there-
fore, coexpression of Bcl-2 with factors that stimulate
cellular proliferation may induce neoplastic transfor-
mation.

The primary objective of this study is to determine
whether Bcl-2 is expressed in the spindle-shaped
endothelial cells of KS, suggesting its putative role in
the pathogenesis of this disease. Data presented
within this manuscript demonstrate, through immu-
nohistochemical analyses, that spindle cells and

mononuclear cell infiltrates derived from advancing
AIDS-KS and classical KS lesions express significant
levels of Bcl-2. Bcl-2 overexpression and coexpres-
sion with factor Vlll-related antigen (FVIII-RA) within
a subpopulation of proliferating spindle-shaped cells
within KS lesions is impressive, as normal vascular
endothelial cells, the probable vascular progenitors
of KS cells, fail to express significant levels of Bcl-
2.3% Increased expression of Bel-2 within KS lesions
may prolong spindle cell viability. The increased
viability, coupled with cytokine-induced cellular
proliferation, likely contributes to the pathogenesis
and progression of both AlDS-associated and
classical KS.

Materials and Methods

Staging of KS Lesions

Both classical KS and AIDS-KS are characterized by
similar histologies, including the presence of newly
forming blood vessels, inflammatory cell infiltrates,
edema, and proliferating spindle-shaped cells rep-
resenting a heterogeneous cellular population dom-
inated by vascular endothelial cells and few admixed
dendritic and monocytic cells. The various evolution-
ary stages of 26 AIDS-KS and six classical KS le-
sions were determined by hemotoxylin and eosin
staining. The detection of typical histological fea-
tures facilitated staging of each of the KS lesions. In
the patch or macular phases, the histological
changes were confined mainly to the reticular dermis
and especially to the areas around adnexal struc-
tures. Small primitive blood vessels dissecting colla-
gen, few scattered extravasated red blood cells, rare
plasma, and other mononuclear inflammatory cells
were seen. In the intermediate or plaque stage, the
degree of vascular proliferation involving the whole
thickness of the dermis increased with processive
lesional evolution. Within the deeper part of the der-
mis, spindle cell proliferation was seen with early
beginnings of slit-like blood vessel formation. Hemo-
siderin pigments and a few scattered eosinophilic or
hyaline globules were evident. Superficial layers of
the dermis revealed dissecting blood vessels and a
dense lymphocytic infiltrate. In the most advanced
(nodular or tumor phase), the entire lesion presented
as long spindle-shaped cells within a proliferating
and intersecting fascicle-like region containing slit-
like blood vessels, admixed erythrocytes, hemosid-
erin pigments, and eosinophilic bodies. Rare mito-
ses and anaplasias were seen involving the nuclei of
the spindle-shaped cells.



Immunohistochemistry

Two immunohistochemical staining methods were
used in this study, one for paraffin-embedded tis-
sues and the other for fresh-frozen biopsies. Forma-
lin-fixed, paraffin-embedded blocks containing 3
mm punch biopsies derived from AIDS-KS or benign
ulceration and granulation tissues were processed
and stained as previously described®' with the fol-
lowing variations. Deparaffinization was performed
by submerging sections in three changes of xylene
(10 minutes each), followed by a series of graded
ethanol (from 100 to 85%) and then distilled water.
To block endogenous peroxidase activity, the sec-
tions were placed in 200 ml of 3% hydrogen perox-
ide for 10 minutes, followed by three washes in phos-
phate-buffered saline (PBS). Incubation with the
primary antibody (mouse monoclonal anti-human
Bcl-2 oncoprotein antibody; DAKO-Bcl-2, clone 124,
Glostrup, Denmark; diluted 1:10 with PBS) was done
for 1 hour at room temperature and followed by
streptavidin-biotin complex detection, as previously
described.®2 The peroxidase reaction was initiated
by the addition of 0.1% (w/v) 3,3’-diaminobenzidine
solution for =10 minutes at room temperature. The
positive control for Bcl-2 immunoreactivity repre-
sented formalin-fixed, paraffin-embedded sections
from markedly reactive lymph node tissue. Immuno-
reactivity was graded as +1 through +4, respec-
tively, when <10, between 10 and 25, between 25
and 50, and >50% of cells displayed staining with
anti-Bcl-2 antibody.

Frozen sections from AIDS-KS and classical KS
lesions were fixed in cold acetone and singly or
doubly stained by alkaline phosphatase-anti-alkaline
phosphatase (APAAP) alone or combined with the
peroxidase-anti-peroxidase (PAP) method by using
mouse monoclonal antibody specific for human
Bcl-2 (DAKO, diluted 1:50) alone or in combination
with a rabbit polyclonal antibody for FVIII-RA (DAKO;
diluted 1:500) as described previously.''® APAAP
and PAP methods were then used to detect mono-
clonal and polyclonal antibodies, respectively. For
single staining, the slides were incubated with mono-
clonal Bcl-2 antibody for 30 minutes at room temper-
ature. After washing with Tris-buffered saline solution
(TBS), the slides were incubated (20 minutes, room
temperature) with rabbit antimouse immunoglobulin
(lg)G (DAKO; diluted 1:25). The slides were washed
again in TBS and the APAAP (mouse) complex (1:25)
was applied for an additional 20 minutes at room
temperature. After washing, the second and third
steps were repeated to amplify the reactions. The
reaction was developed with the Fast Red substrate
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system (DAKO) and the slides were counterstained
with Mayer’'s hematoxylin solution (Sigma Chemical
Co., St. Louis, MO). The percentage of positive cells
in duplicate samples for each experiment and in
more than five fields per slide was determined mi-
croscopically. Immunoreactivity was graded as +1
through +4, respectively, when <10, between 10
and 25, between 25 and 50, and >50% of cells
displayed staining with anti-Bcl-2 antibody. For dou-
ble-staining (APAAP/PAP), the monoclonal antibody
against Bcl-2 was combined with polyclonal antibody
against FVIII-RA. The universal DAKO double-stain kit
system 40 was used according to manufacture’s pro-
tocol.

Results

Expression of Bcl-2 in AIDS-KS and
Classical KS Lesions

Formalin-fixed, paraffin-embedded tissues from 26
cases of AIDS-KS were classified into various evolu-
tionary stages according to criteria described else-
where,®® and were tested for Bcl-2 expression by
immunohistochemistry with an anti-human Bcl-2
monoclonal antibody. Seven ulcerative lesions from
uninfected individuals were used as controls. Anti-
Bcl-2 staining revealed a cytoplasmic reactivity in 21
out of the 26 AIDS-KS cases tested. The intensity of
immunoreactivity (% of positive cells) varied with the
stage of the lesion (Table 1; Figure 1, A and B). Of
the 8 cases examined in the macular stage, 4 re-
vealed a Bcl-2 reactivity of +1 (Table 1; Figure 1,
left), whereas the remaining cases were nonreactive.
Of the 13 cases examined in the plague or interme-
diate phase, 12 cases were positive for Bcl-2 expres-
sion (Table 1 and Figure 1, middle panel). Among
them, five lesions, six lesions, and one lesion showed
a +1, +2, and +3 reactivity, respectively (Table 1,
Figure 1). Generally, the regions of the lesions con-
taining abundant spindle-shaped cells displayed the
most immunoreactivity with the Bcl-2 antibody; how-
ever, proliferating blood vessels with prominent en-
dothelial cells were reactive as well. Mature blood
vessels and postcapillary venules in the upper part
of the dermis (papillary dermis) showed no immuno-
reactivity. All five cases in the nodular or tumor stage
displayed reactivity with anti-Bc/-2 antibody (Table 1;
Figure 1, right), with four cases reflecting an intensity
of +2 and one case having an intensity of +3. Com-
parison of anti-Bc/-2 immunoreactivity in all cases
representing lesions evolving from macule to plague
and nodule stages demonstrated a relative increase
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Table 1.  Clinicopathological Data and Anti-Bcl-2 Immunobistochemical Reactivity on 26 AIDS-KS Cases
Case Anti-Bcl-2
no. Age Sex Race Location Clinical history Histopathology immunoreactivity
1 40 M C Leg Purple nodule Macule +
2 35 M C Chest Nodule Macule +
3 33 M C Chest Violaceous plague Plague +++
4 34 M C Leg Violaceous plaque Macule -
5 31 M C Shoulder Purple papule Plaque ++
6 35 M C Leg Purple papule Plague ++
7 56 M C Leg Violaceous plague Plague +
8 28 M C Leg Violaceous plagque Plaque +
9 28 M B Shoulder Erythematous lesions Plaque ++
10 31 M C Leg Violaceous plagque Nodule ++
11 28 M C Leg Purple papule Plaque -
12 34 M C Leg Purple nodule Nodule ++
13 34 M C Toe Purple nodule Nodule ++
14 33 M C Thigh Purple papule Macule +
15 25 M B Arm Purple nodule Nodule ++
16 35 M C Leg Violaceous plague Macule -
17 35 F B Wrist Violaceous plague Macule -
18 24 F B Arm Violaceous plaque Plaque +
19 37 M B Shoulder Violaceous plaque Macule -
20 31 M H Foot Purple plaque Plague +
21 31 M H Arm Purple plaque Plaque +
22 30 M B Abdomen Violaceous plaque Plague ++
23 43 M C Groin Violaceous plaque Plaque ++
24 33 M B Leg Violaceous plague Macule +
25 39 M C Leg Violaceous plague Plaque ++
26 25 M C Leg Purple nodule Nodule +++

Letters M, F, C, B, and H represent male, female, caucasian, black, and Hispanic, respectively. Symbols +, ++, +++ and ++++
indicate <10%, between 10 and 25%, between 25 and 50%, and >50% cells displaying positive anti-Bc/-2 immunoreactivity, respectively.

Anti-Bcl-2 staining was performed on formalin-fixed AIDS-KS lesions as described in Materials and Methods.

in Bcl-2 expression as lesions progress toward the
nodular or “tumor” stage (Figure 1B). Two of the
seven control cases of benign ulcers showed posi-
tive (+1) immunoreactivity with anti-Bc/-2 antibody
(Table 2).

To determine whether classical KS lesions similarly
express significant levels of Bcl-2, frozen sections from
six classical KS patients were analyzed for Bcl-2 immu-
noreactivity by the APAAP method. All of the six cases
of classical KS examined revealed a strong anti-Bc/l-2
immunoreactivity (Figure 2, right), as compared with
uninvolved skin from the same patient (Figure 2, left) or
control staining (Figure 2, middle). The percentages of
Bcel-2-positive cells per high power microscopic field
ranged from 33-37% (+3 immunoreactivity) in three of
six cases to 63-70% (+4 immunoreactivity) in three of
six cases. As observed in AIDS-KS, higher Bcl-2 pos-
itivity correlated with more advanced lesions, contain-
ing more spindle-shaped cells. Frozen sections from
AIDS-KS lesions and from uninvolved normal skin that
were simultaneously stained with the classical KS le-
sions revealed positive and negative anti-Bc/-2 immu-
noreactivity, respectively (Figure 3A), confirming
the results obtained on formalin-fixed tissues (Table 1,
Figure 1).

Coexpression of Bcl-2 and Factor Vil in
Spindle Cells of AIDS-KS Lesions

KS lesions represent a heterogeneous population of
cells, some of which acquire a spindle-shaped mor-
phology and proliferate as the stage of the lesion
progresses. Previous studies suggested that these
spindle cells are composed of a heterogenous pop-
ulation of cells dominated by activated endothelial
cells, while other spindle-shaped cells are of macro-
phage origin.'®34 To determine whether endothelial
spindle cells co-stain for Bcl-2, AIDS-KS lesions were
doubly stained with anti-Bc/-2 and anti-FVIII-RA an-
tibodies combined. These immunohistochemical
analyses demonstrated that a large proportion of
Bcl-2-positive spindle cells coexpressed FVIII-RA,
indicating that upregulated Bcl-2 expression is oc-
curring within KS cells of vascular endothelial cell
origin (Figure 3, A and B). In addition, Bc/-2 and
FVIII-RA coexpression was also found in endothelial
cells of vessels (Figure 3B). Other Bcl-2-positive
cells were most likely of mononuclear origin, repre-
senting lymphocytes and macrophages infiltrating
the lesions.
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Figure 1. A: Immunobistochemical demonstration of Bcl-2 in KS lesions
derived from HIV-1-infected individuals (AIDS-KS). Single-staining tech-
nique was used on formalin-fixed lesions to demonstrate Bcl-2 expression
(ABC-peroxidase, brown cytoplasmic staining), as described in Materials
and Methods. The left, middle and right panels represent KS lesions in
macule, plaque, and nodule stages, respectively. Cell-associated staining
becomes more evident as lesions progress toward nodule stage. X 100
magnification. B: Increase in anti-Bcl-2 immunoreactivity in AIDS-KS
with lesion progression. Anti-Bcl-2 immunoreactivity was graded on a
scale of + 1, + 2, + 3, and + 4 representing, respectively, < 10%, between 10
and 25%, between 25 and 50%, and > 50% of the cells staining positively
Jor Bcl-2. Mean values of anti-Bcl-2 immunoreactivity were determined
Jfrom immunobistochemical evaluation of AIDS-KS lesions representing
macule, plaque, and nodule stages (Table 1) and were calculated to be
+0.5, +1.5 and + 2.2, respectively, as graded by the parameters delin-
eated above.

Table 2.  Clinicopathological Data and Anti-Bcl-2 Immunobistochemical Reactivity in Seven Cases of Benign Ulcers

Case Anti-Bcl-2

no. Age Sex Race Location Clinical history Histopathology immunoreactivity
1 62 F C Leg Non-healing ulcer  Ulcer with granulation tissue -

2 65 M C Foot Non-healing ulcer  Ulcer with granulation tissue -

3 58 F C Leg Non-healing ulcer  Ulcer with granulation tissue +

4 44 M C Thigh Ulcerated nodule Ulcerated acrochordon -

5 37 F C Leg Non-healing ulcer  Ulcer with granulation tissue -

6 14 M C Leg Non-healing ulcer  Ulcer with granulation tissue -

7 15 M C Buttock Non-healing ulcer  Ulcer with granulation tissue +

Letters M, F and C represent male, female and caucasian, respectively. Symbols +, ++, +++ and ++++ indicate <10%, between 10
and 25%, between 25 and 50%, and >50% cells displaying positive anti-Bc/-2 immunoreactivity, respectively. Anti-Bcl-2 staining was
performed on formalin-fixed tissues as described in Materials and Methods.

Discussion

Immunohistochemical analyses demonstrate that
spindle cells derived from advancing AIDS-KS and
classical KS lesions express significant cytoplasmic
levels of the cellular oncogene, Bcl-2, a known an-

tagonist of apoptosis. Bcl-2 expression increases
with lesion progression, and the highest levels are
observed in the nodular stage of the disease. Fur-
ther, coexpression of Bcl-2 and FVIII-RA in spindle
cells and vessels indicates that induction of Bcl-2
within vascular endothelial cells may play an impor-
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Figure 2. Immunobistochemical demonstration of Bcl-2 in classical KS lesions. Single-staining technique was used on frozen sections from classical
KS or uninvolved skin to demonstrate Bcl-2 expression (APAAP, red cytoplasmic staining). The left, middle and right panels represent immunobis-
tochemical analyses of uninvolved skin with anti-Bcl-2 antibody, classical KS tissue with pbosphate-buffered saline (control), and classical KS tissue

with anti-Bcl-2 antibody, respectively. X 40 magnification.

tant role in the pathogenesis of KS whereby induc-
tion of Bcl-2 expression within KS endothelial cells
and stimulation of cell growth by inflammatory and
angiogenic cytokines or Tat may provide coordinate
cellular survival and proliferative signals to affect the
maintenance and progression of KS.

Histologically, AlDS-associated and classical KS
are indistinguishable; yet, KS within HIV-1-infected
individuals has a comparatively aggressive clinical
course.'® The pathogenic mechanisms to explain
this more aggressive form of KS are not completely
understood, although cooperative effects of immu-
nostimulation/dysregulation and HIV-1 infection ap-
pear to have significant influence on the develop-
ment, maintenance, and progression of AIDS-
KS.#5'® In early stages, AIDS-KS appears to be
strictly a cytokine-mediated disease where angio-
genic and inflammatory cytokines and HIV-1 Tat co-
operate in its induction and progression.*>'® The
cooperative effects of viral and cellular factors within
AIDS-KS result in unregulated cellular proliferation
and angiogenesis. Additionally, recent data demon-
strate that late stage KS can transform into a true
tumor3®; therefore, our finding of increased Bcl-2
expression that correlates with advancing KS le-
sions, particularly evident within the nodular-tumor
stage of the disease, suggests that Bcl-2 expression
may serve as a molecular marker for tumor progres-
sion in KS.

Immunohistochemical analyses of AIDS-KS le-
sions obtained as fresh punch biopsies from HIV-1-
infected patients have demonstrated the presence of

HIV-1 Tat protein.'® The ability of Tat to rescue cul-
tured epithelial, neuronal, and lymphoid cells from
apoptosis induced by serum deprivation appears to
correlate with increased levels of Bcl-2 within these
cells.®® Thus, upregulated expression of Bcl-2 within
advancing AIDS-KS lesions shown in the present
study may occur through a cytokine-regulated path-
way that is augmented by the presence of Tat. These
several studies suggest, cumulatively, that Tat may
indirectly influence the induction of Bcl-2 expression
in AIDS-KS.

Bcl-2 expression in KS lesions may also be influ-
enced by viral gene products other than HIV-1 Tat. It
has recently been demonstrated that a newly identi-
fied human herpesvirus (KSHV) has been associated
with both classical and AlDS-associated KS.37 Al-
though its role in the pathogenesis of KS is as yet
unknown, this virus may also play a contributory role
in regulating Bcl-2 expression and potentiating cell
survival as suggested by previous studies of herpes-
viral-associated Bcl-2 expression in which upregula-
tion of Bcl-2 and consequent blocking of apoptosis
by viral gene products (with or without cooperative
effects of cytokines) have been described. In partic-
ular, a recent study demonstrates putative, cooper-
ative effects of IFN-y and herpes simplex virus-2 in
the induction of Bc/-2 and in the associated survival
of infected neurons.®® Additionally, the latent mem-
brane protein-1 of another member of the herpesvi-
rus family, the Epstein-Barr virus (EBV), has been
demonstrated to upregulate Bcl-2 expression and
block apoptosis in infected B-cell lines.*® Similarly,
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Figure 3. A and B: Coexpression of Bcl-2 and FVII-RA in AIDS-KS. Double-staining immunobistochemical technique was used on frozen sections
JSfrom AIDS-KS lesions to demonstrate expression of Bcl-2 (APAAP, red cytoplasmic staining) and FVIII-RA (PAP, brown cytoplasmic staining). A: the
left (X 40 magnification) and right (X 400 magnification) panels represent double-staining of AIDS-KS lesions using anti-Bcl-2 monoclonal antibody
and phosphate-buffered saline (control). B: the left (X 40 magnification), middle (X 400 magnification) and right (X 400 magnification) panels
represent double-staining of AIDS-KS lesions using anti-Bcl-2 monoclonal antibody and anti-FVIII-RA polyclonal antibody. The middle and right
panels represent two different fields (X 400) of the same tissue. Uninvolved skin tissues were used as controls (data not shown).
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IFN-vy is highly expressed in both AIDS-KS and clas-
sical KS (V. Fiorelli, R. Gendelman, P.D. Markham,
R.C. Gallow, and B. Ensoli, unpublished data) and
KSHV and/or EBV®® are detected by polymerase
chain reaction in these same lesions. Thus, inflam-
matory cytokines and direct or indirect effects of viral
factors may similarly affect upregulated Bcl-2 ex-
pression in KS, resulting in increased cellular viability
and growth responsiveness of spindle cells within
these lesions to paracrine and autocrine inflamma-
tory cytokines and angiogenic factors or Tat.

Direct immunohistochemical studies of AIDS-KS
and classical KS lesions, such as those presented
here, disclose novel clues toward elucidating the
molecular mechanisms involved in KS pathogenesis.
The presence of overexpressed Bcl-2 in both AIDS-
associated and classical KS lesions suggests that
upregulation of Bcl-2 expression may be important in
the pathogenesis of both classical and AIDS-asso-
ciated KS and may represent a marker of disease
progression. Bcl-2 expression within KS lesions may
extend the viability of the KS cells and make them
more susceptible to proliferative effects of inflamma-
tory cytokines induced by immunostimulatory agents
such as KSHV®” or HIV-1.8 Marked aggressiveness
of AlIDS-associated KS lesions as compared with
classical KS may be attributed to the ability of HIV-1
Tat to act in synergy with paracrine and autocrine
factors that promote proliferation and angiogenesis
within these lesions'® subsequent to Bcl-2 induction.

Acknowledgments

The authors would like to thank Thao Vo for her
excellent technical assistance and Drs. Gilbert F.
Morris and Scott Freeman for their helpful discus-
sions.

References

1. Friedman-Kien AE: Disseminated Kaposi’'s sarcoma
syndrome in young homosexual men. J Am Acad Der-
matol 1981, 5:468-471

2. Gottlieb GJ, Ackerman AB: Kaposi's sarcoma: an ex-
tensively disseminated focus in young homosexual
men. Hum Pathol 1982, 13:882-892

3. Haverkos HW, Drotman DP, Morgan M: Prevalence of
Kaposi's sarcoma among patients with AIDS. N Engl J
Med 1985, 312:1518

4. Levine AM: AIDS-related malignancies: the emerging
epidemic. J Natl Cancer Inst 1993, 85:1382-1397

5. Ensoli B, Barillari G, Gallo RC: Pathogenesis of AIDS-
associated Kaposi's sarcoma. Hematol Oncol Aspects
HIV Dis 1991, 5:281-295

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

. Ensoli B, Gallo RC: Growth factors in AIDS-associated

Kaposi's sarcoma: cytokines and HIV-1 Tat protein.
AIDS Updates 1994, 7:1-12

. Buonaguro L, Barillari G, Chang HK, Bohan CA, Kao V,

Morgan R, Gallo RC, Ensoli B: Effects of human immu-
nodeficiency virus type 1 Tat protein on the expression
of inflammatory cytokines. J Virol 1992, 66:7159-7167

. Barillari G, Buonaguro L, Fiorelli V, Hoffman J, Michaels

F, Gallo RC, Ensoli B: Effects of cytokines from acti-
vated immune cells on vascular cell growth and HIV-1
gene expression. J Immunol 1992, 149:3727-3734

. Miles SA, Rezai AR, Salazar-Gonzalez JF, VanderMey-

den M, Stevens RH, Logan DM, Mitsuyasu RT, Taga T,
Hirano T, Kishimoto T, Martinez-Maza O: AIDS Kaposi's
sarcoma-derived cells produce and respond to inter-
leukin 6. Proc Natl Acad Sci USA 1990, 87:4068-4072
Fiorelli V, Gendelman R, Samaniego F, Markham PD,
Ensoli B: Cytokines from activated T cells induce nor-
mal endothelial cells to acquire the phenotypic and
functional features of AIDS-Kaposi's sarcoma spindle
cells. J Clin Invest 1995, 95:1723-1734

Ensoli B, Barillari G, Salahuddin Sz, Gallo RC, Wong-
Staal F: Tat protein of HIV-1 stimulates growth of AIDS-
Kaposi's sarcoma-derived cells. Nature 1990, 345:
84-86

Mann DA, Frankel, AD: Endocytosis and targeting of
exogenous HIV-1 Tat protein. EMBO J 1991, 10:1733-
1739

Ensoli B, Buonaguro L, Barillari G, Fiorelli V, Gendel-
man R, Morgan RA, Gallo RC: Release, uptake and
effect of extracellular human immunodeficiency virus
type 1 Tat protein on cell growth and viral transactiva-
tion. J Virol 1993, 67:277-287

Barillari G, Gendelman R, Gallo RC, Ensoli B: The Tat
protein of human immunodeficiency virus type 1, a
growth factor for AIDS Kaposi's sarcoma and cytokine-
activated vascular cells, induces adhesion of the same
cell type by using integrin receptors recognizing the
RGD amino acid sequence. Proc Natl Acad Sci USA
1993, 90:7941-7945

Ensoli B, Nakamura S, Salahuddin SZ, Biberfeld P,
Larsson L, Beaver B, Wong-Staal F, Gallo RC: AIDS-
Kaposi's sarcoma-derived cells express cytokines with
autocrine and paracrine growth effects. Science 1990,
243:223-226

Ensoli B, Gendelman R, Markham P, Fiorelli V, Colom-
bini S, Raffeld M, Cafaro A, Chang H-K, Brady JN,
Gallo RC: Synergy between basic fibroblast growth
factor and HIV-1 Tat protein in induction of Kaposi's
sarcoma. Nature 1994, 371:674-680

Donehower LA, Bradley A: The tumor suppressor p53.
Biochim Biophys Acta 1993, 1155:181-205

Zambetti GP, Levine AJ: A comparison of the biological
activities of wild-type and mutant p53. FASEB J 1993,
7:855-865

. Chiou SK, Rao L, White E: Bcl-2 blocks p53-dependent

apoptosis. Mol Cell Biol 1994, 14:2556-2563
Debbas M, White, E: Wild-type p53 mediates apoptosis



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

by E1A, which is inhibited by E1B. Genes & Dev 1993,
7:546-554

Lowe SW, Ruley HE: Stabilization of the p53 tumor
suppressor is induced by adenovirus 5 E1A and ac-
companies apoptosis. Genes & Dev 1993, 7:535-545
Wang XW, Forrester K, Yeh H, Feitelson MA, Gu JR and
Harris CC: Hepatitis B virus X protein inhibits p53 se-
quence-specific DNA binding, transcriptional activity,
and association with transcription factor ERCC3. Proc
Natl Acad Sci USA 1994, 91:2230-2234

Szekely L, Selivanova G, Magnusson KP, Klein G,
Wiman KG: EBNA-5, an Epstein-Barr virus-encoded
nuclear antigen, binds to the retinoblastoma and p53
protein. Proc Natl Acad Sci USA 1993, 90:5455-5459
Nunez G, London L, Hockenberry D, Alexander M,
McKearn JP, Korsmeyer, SJ: Deregulated Bcl-2 gene
expression selectively prolongs survival of growth fac-
tor-deprived homopoietic cell lines. J Immunol 1990,
9:3602-3610

Hockenberry D, Nunez G, Milliman C, Schreiber RD,
Korsmeyer SJ: Bcl-2 is an inner mitochondrial mem-
brane protein that blocks programmed cell death. Na-
ture 1990, 348:334-336

Strasser A, Harris AW, Cory S: Bcl-2 transgene inhibits
T cell death and perturbs thymic self-censorship. Cell
1991, 67:889-899

Wang Y, Szekely L, Okan I, Klein G, Wiman KG: Wild-
type p53-triggered apoptosis is inhibited by bcl-2 in a
v-myc-induced T-cell lymphoma line. Oncogene 1993,
8:3427-3431

Oren M: p53: the ultimate tumor suppressor gene?
FASEB J 1992, 6:3169-3176

Vogelstein B, Kinzler KW: p53 function and dysfunc-
tion. Cell 1992, 70:523-526

Hockenberry D, Zutter M, Hickey W, Nahm M, Kors-
meyer S: Bcl-2 protein is topographically restricted in
tissues characterized by apoptotic cell death. Proc
Natl Acad Sci USA 1991, 88:6961-6965

El-Habashi A, EI-Morsi B, Freeman SM, EI-Didi M, Mar-
rogi, AJ: Tumor oncogenic expression in malignant
effusions as a possible method to enhance cytologic

32.

33.

34.

35.

36.

37.

38.

39.

Bcl-2 in Kaposi's Sarcoma 1063
AJP April 1996, Vol. 148, No. 4

diagnostic sensitivity. Am J Clin Pathol 1995, 103:206—
214

Hsu SM, Raine L, Fanger H: Use of avidin-biotin-
peroxidase complex (ABC) in immunoperoxidase
techniques: a comparison between ABC and unla-
beled antibody PAP procedures. J Histochem 1981,
29:577-580

Chor PJ, Santa Cruz DJ: Kaposi's sarcoma. A clinico-
pathologic review and differential diagnosis. J Cutane-
ous Pathol 1992, 19:6-20

Regezi JA, MacPhail LA, Daniels TE, De Souza YG,
Greenspan JS, Greenspan D: Human immunodefi-
ciency virus-associated oral Kaposi's sarcoma: heter-
ogeneous cell population dominated by spindle-
shaped endothelial cells. Am J Pathol 1993, 143:240-
249

Lunardi-Iskandar Y, Gill P, Lam V, Zeman RA, Michaels
F, Mann DL, Reitz MS Jr., Kaplan M, Berneman ZN,
Carter D, Bryant JL, Gallo RC: Isolation and character-
ization of an immortal neoplastic cell line (KS Y-1) from
AlDS-associated Kaposi's sarcoma: JNCI 1995, 87:
974-981

Zauli G, Gibellini D, Milani D, Mazzoni M, Borgatti P, La
Placa M, Capitani S: Human immunodeficiency virus
type 1 Tat protein protects lymphoid, epithelial, and
neuronal cell lines from death by apoptosis. Cancer
Res 1993, 5:4481-4484

Chang Y, Cesarman E, Pessin MS, Lee F, Culpepper,
J, Knowles DM, Moore PS: Identification of herpesvi-
rus-like DNA sequences in AlDS-associated Kaposi's
sarcoma. Science 1994, 266:1865-1869

Geiger KD, Gurushanthaiah D, Howes EL, Lewan-
dowski GA, Reed JC, Bloom FG, Sarvetnick NE: Cyto-
kine-mediated survival from lethal herpes simplex virus
infection: role of programmed neuronal death. Proc
Natl Acad Sci USA 1995, 92:3411-3415

Henderson S, Rowe M, Gregory C, Croom-Carter D,
Wang F, Longnecker R, Kieff E, Rickinson A: Induction
of bel-2 by Epstein-Barr Virus Latent Membrane Protein
1 protects infected B cells from programmed cell
death. Cell 1991, 65:1107-1115



